March 22, 2002

Mr. Oliver D. Kingsley, President
Exelon Nuclear

Exelon Generation Company, LLC
4300 Winfield Road

Warrenville, IL 60555

SUBJECT: INCREASE IN THE MAXIMUM LEAD FUEL ROD-AVERAGE BURNUP LIMIT -
BYRON STATION, UNIT 2 (TAC NO. MB3014)

Dear Mr. Kingsley:

By letter dated September 21, 2001, Exelon Generation Company, LLC (Exelon), requested
amendments to the licenses for Byron Station, Units 1 and 2, and Braidwood Station,

Units 1 and 2. The submittals requested approval to revise the reactor core safety limit (SL) for
peak fuel centerline temperature.

Also included in the submittal was a request to revise the licensing basis commitment to limit
the lead fuel rod-average burnup of 60,000 Megawatt-Days per Metric Tonne of Uranium
(MWD/MTU). The revised limit would be 69,000 MWD/MTU for two lead test assemblies
(LTAS) currently in the Byron Unit 2 reactor, and an increase in burnup to 75,000 MWD/MTU for
future LTAs. Exelon’s commitment on fuel burnup limit is not incorporated in the plants’
licenses or technical specifications. Additional information was provided by Exelon in its letter
of January 31, 2002.

The staff has evaluated Exelon’s request and agrees to the commitment change for the present
Byron Unit 2 cycle (Cycle 10) which will permit the lead fuel rod-average burnup limit to
increase to 69,000 MWD/MTU for the requested two LTAs. Within the two LTAs, only four high
burnup fuel rods in LTA MO9E will exceed 60,000 MWD/MTU by the end of the cycle. While the
NRC staff is in agreement with the proposed change, it is expected that the maximum burnup
for the four high burnup rods in LTA MO9E will be limited to approximately 65,500 MWD/MTU
by the present peak fuel centerline temperature of 4,700 °F included in technical specification
2.1.1.3. The staff believes that the data obtained will provide useful information to the Nuclear
Regulatory Commission and to industry.

The details of the NRC staff's review are included in the attached Safety Evaluation.
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Exelon’s license amendment request to increase the maximum peak fuel centerline

temperature and its request to increase the maximum lead fuel rod-average burnup to 75,000
MWD/MTU for future LTAs are under staff review.

Sincerely,
IRA/

George F. Dick, Jr., Project Manager, Section 2
Project Directorate IlI

Division of Licensing Project Management
Office of Nuclear Reactor Regulation

Docket No. STN 50-455
Enclosure: Safety Evaluation

cc w/encl: See next page
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Byron Station Units 1 and 2
cc:

Regional Administrator, Region IlI
U.S. Nuclear Regulatory Commission
801 Warrenville Road

Lisle, IL 60532-4351

lllinois Department of Nuclear Safety
Office of Nuclear Facility Safety
1035 Outer Park Drive

Springfield, IL 62704

Document Control Desk-Licensing
Exelon Generation Company, LLC
4300 Winfield Road

Warrenville, IL 60555

Ms. C. Sue Hauser, Project Manager
Westinghouse Electric Corporation
Energy Systems Business Unit

Post Office Box 355

Pittsburgh, PA 15230

Joseph Gallo

Gallo & Ross

1025 Connecticut Ave., NW, Suite 1014
Washington, DC 20036

Howard A. Learner

Environmental Law and Policy
Center of the Midwest

35 East Wacker Drive

Suite 1300

Chicago, IL 60601-2110

U.S. Nuclear Regulatory Commission
Byron Resident Inspectors Office
4448 North German Church Road
Byron, IL 61010-9750

Ms. Lorraine Creek
RR 1, Box 182
Manteno, IL 60950

Chairman, Ogle County Board
Post Office Box 357
Oregon, IL 61061

Mrs. Phillip B. Johnson
1907 Stratford Lane
Rockford, IL 61107

Attorney General
500 S. Second Street
Springfield, IL 62701

Byron Station Manager

Exelon Generation Company, LLC
4450 N. German Church Road
Byron, IL 61010-9794

Site Vice President - Byron
Exelon Generation Company, LLC
4450 N. German Church Road
Byron, IL 61010-9794

Senior Vice President - Nuclear Services
Exelon Generation Company, LLC

4300 Winfield Road

Warrenville, IL 60555

Vice President

Mid-West Operations Support
Exelon Generation Company, LLC
4300 Winfield Road

Warrenville, IL 60555

Senior Vice President

Mid-West Regional Operating Group
Exelon Generation Company, LLC
4300 Winfield Road

Warrenville, IL 60555
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Director Licensing

Mid-West Regional Operating Group
Exelon Generation Company, LLC
4300 Winfield Road

Warrenville, IL 60555

Regulatory Assurance Manager - Byron
Exelon Generation Company, LLC
4450 N. German Church Road

Byron, IL 61010-9794

Senior Counsel, Nuclear

Mid-West Regional Operating Group
Exelon Generation Company, LLC
4300 Winfield Road

Warrenville, IL 60555

Vice President

Licensing and Regulatory Affairs
Exelon Generation Company, LLC
4300 Winfield Road

Warrenville, IL 60555

Manager Licensing - Braidwood and Byron
Exelon Generation Company, LLC

4300 Winfield Road

Warrenville, IL 60555

lllinois Emergency Management Agency
Division of Disaster Assistance &
Preparedness

110 East Adams Street

Springfield, lllinois 62701-1109

George L. Edgar

Morgan, Lewis and Bockius
1800 M Street, N.W.
Washinton, DC 20036-5869

Ms. Bridget Little Rorem
Appleseed Coordinator
117 N. Linden Street
Essex, lllinois 60935



SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

EXELON GENERATION COMPANY, LLC

BYRON STATION, UNIT 2

DOCKET NO. STN 50-455

1.0 INTRODUCTION

By letter dated September 21, 2001, Exelon Generation Company, LLC (Exelon, the licensee)
requested amendments to the licenses for Byron Station, Units 1 and 2, and Braidwood Station,
Units 1 and 2. The submittal requested approval to revise the reactor core safety limit (SL) for
peak fuel centerline temperature (technical specification (TS) 2.1.1.3). Also included in the
submittal was a request to permit the licensee to exceed a lead fuel rod-average burnup of
60,000 Megawatt-Days per Metric Tonne of Uranium (MWD/MTU) in lead test assemblies
(LTAS) currently in the Byron Unit 2 reactor, and an increase in burnup to 75,000 MWD/MTU for
future LTAs. Additional information was provided by the licensee in its letter of January 31,
2002.

This safety evaluation (SE) is limited to the request to exceed 60,000 MWD/MTU for four fuel
rods that are presently in the Byron Unit 2 reactor in assembly LTA MO9E. The requests to
revise the SL for peak centerline temperature, increase the fuel burnup limit to 69,000
MWD/MTU for the two LTAs being irradiated in Byron Unit 2 and increase the burnup limit to
75,000 MWD/MTU for future LTAs are currently under staff review. They will be addressed in
future correspondence.

2.0 BACKGROUND

Two LTAs are currently in use in Byron Unit 2 (Cycle 10). These LTAs are composed of low-tin
ZIRLO cladding and fuel pin spring clips, and higher density fuel pellets. Additionally, one of
the LTAs (LTA MO9E) was modified to include four fuel rods which have been previously burned
during two cycles to 45,750 MWD/MTU. Following irradiation during a third cycle, the four rods
will have a projected burnup of approximately 69,000 MWD/MTU. Irradiation of these four fuel
rods to a higher burnup will provide data on fuel and materials performance that will support
industry goals of extending the current fuel burnup limits and will provide data to address the
Nuclear Regulatory Commission’s (NRC) questions related to fuel performance behavior at high
burnups. The data will also help confirm the applicability of nuclear design and fuel
performance models at high burnups.

There are no TSs which impose a limit on fuel rod burnup; however, both Byron and Braidwood
Stations have a licensing basis commitment to limit the current lead fuel rod-average burnup to
60,000 MWD/MTU. The licensing basis commitment is documented in the staff's SE



-2-

supporting license amendments 78 and 70, dated December 19, 1995, for Byron and
Braidwood Stations, respectively. These amendments also approved the use of ZIRLO cladding.

Approval of ZIRLO cladding was based on an NRC SE, “Acceptance for Referencing of Topical
Report WCAP-12610, Vantage+ Fuel Assembly Reference Core Report,” dated July 1, 1991.
This SE approved the use of Vantage+ fuel design, i.e., ZIRLO clad fuel, described in
WCAP-12610-P-A and found it acceptable up to a lead fuel rod-average burnup of 60,000
MWD/MTU.

During Byron Unit 1 Cycle 10 operation, two LTAs consisting of low ZIRLO fuel cladding, fuel
pin spring clips, and higher density fuel pellets were utilized consistent with plant's TSs. For
Byron Unit 2 Cycle 10 operation, these LTAs were again utilized; however, one of the LTAs was
modified to also include four fuel rods with a beginning of cycle burnup of approximately 45,750
MWD/MTU to confirm the use of the ZIRLO alloy at extended discharge burnup levels
exceeding 60,000 MWD/MTU, which is the current licensing basis maximum burnup for the
Vantage+ fuel design. The anticipated rod-average burnup at the end of Cycle 10 for the four
high burnup rods is approximately 69,000 MWD/MTU. Therefore, in its September 21, 2001,
submittal, the licensee requested to increase the rod-average burnup limit for high burnup LTAs
to approximately 69,000 MWD/MTU for Byron Station Unit 2 Cycle 10.

3.0 EVALUATION

The NRC has been working recently with the industry to develop guidelines for lead test
assemblies including fuel assemblies such as the ones under review. The objective is to
develop a set of guidelines which provides a structured process for the evaluation of LTAs while
maintaining safety. These guidelines will be consistent with the NRC performance goals which
are: maintain safety, maintain public confidence, improve efficiency and effectiveness of
regulation, and reduce unnecessary burden. Many different aspects will be addressed in LTA
guidelines, including: characterization of the fuel assembly both pre- and post-irradiation, the
poolside examinations to be performed, the number of LTAs allowed in any given core, the
location or placement of LTAs within the core, what the safety analysis should cover, and
reporting requirements. The evaluation of the request to irradiate the four rods to a higher
burnup has been completed with these guidelines in mind.

3.1 Pre- and Post-Irradiation Characterization of the Four Lead Test Rods

The LTA containing the four twice-burned rods was characterized through post-irradiation
examinations (PIEs) to assure that the fuel assembly parameters were within acceptable limits
before it was used for an additional cycle and so that the impact of the increased rod burnup
could be quantified after the rods are removed from the core. The examinations performed
include oxide measurements, assembly length measurements, assembly bow, profilometry,
gamma scans, and crud scraping. The peak crud free measured oxide thicknesses for the four
rods in the 45,043 MWD/MTU to 46,310 MWD/MTU burnup range was measured to be 38.6 to
49.6 microns. The ZIRLO rods had a peak oxide value of 14.3 to 16.3 microns over a burnup
range of 26,635 to 28,037 MWD/MTU. In comparison, the low-tin ZIRLO rods had a peak oxide
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value of 5.8 to 10.3 microns over a burnup range of 22,256 to 27,254 MWD/MTU. These oxide
values are typical for the given burnup and irradiation for an additional cycle should not result in
unusual behavior which would yield an oxide thickness greater than 100 microns.

Post-irradiation testing of LTAs is essential to the value of any LTA program. Exelon described
the anticipated post-irradiation testing program which will include measurements of rod peak
crud free oxidation, assembly length, assembly bow, profilometry, gamma scan, grid growth,
grid oxide, guide thimble oxide, and grid cell size. Exelon committed to share the results of
these tests with the NRC staff for informational purposes. These anticipated tests are
considered to be appropriate by the NRC staff.

3.2 Fuel Assembly Description

Following the utilization of the two LTAs in Byron Unit 1 Cycle 10, one of the LTAs, MO9E, was
modified to include four high burnup rods before being placed in the core for Byron Unit 2 Cycle
10. Cycle 10 is in progress with a refueling outage scheduled for fall 2002. The top nozzle for
MO9E was replaced with a new removable top nozzle. The LTA is identical in shape and
appearance to the current fuel assembly design. LTA MO9E is a once-burned fuel assembly
incorporating Westinghouse 17X17 Vantage+ features in addition to the original LTA features
(i.e. spring clip, low tin ZIRLO cladding, and higher density fuel pellets). LTA MO9E has ZIRLO
guide thimbles and mixing vane mid-grids, a removable top nozzle, and a debris resistant
bottom nozzle.

LTA MO9E is not in a “near limiting” location; however, the LTA is not on the core periphery and
is experiencing approximately an overage core power and enthalpy rise hot channel factor.

3.3 LOCA and Non-LOCA Analysis

In accordance with TS 4.2.1, LTA MO9E was placed in a nonlimiting core region. Cycle-specific
reload safety evaluations were performed for Byron Unit 2 Cycle 10, which considered the
effects of the high burnup rods. The fuel rod design calculations predicted that the LTAs would
be within core design limits for Byron Unit 2 Cycle 10. The LOCA analysis showed that the
LTAs were acceptable for Cycle 10 without any peak clad temperature penalty. For evaluation
of the LTAs for the Cycle 10 core, fuel temperatures and pressures for the entire core were put
into the LOCA and non-LOCA analyses. The high burnup LTA was bounded by these fuel
temperatures and pressures.

4.0 CONCLUSION

The staff has evaluated Exelon’s request and agrees to the commitment change for the present
Byron Unit 2 cycle (Cycle 10) which will permit the lead fuel rod-average burnup limit to
increase to 69,000 MWD/MTU for the requested two LTAs. Within the two LTAs, only four high
burnup fuel rods in LTA MO9E will exceed 60,000 MWD/MTU by the end of the cycle. While the
staff is in agreement with the proposed change, it is expected that the maximum burnup for the
four high burnup rods in LTA MO9E will be limited to approximately 65,500 MWD/MTU by the
present peak fuel centerline temperature of 4,700 °F included in technical specification 2.1.1.3.



-4 -

Exelon’s license amendment request to increase the maximum peak fuel centerline
temperature and its request to increase the maximum lead fuel rod-average burnup to 75,000
MWD/MTU for future LTAs are under staff review.

Principal Contributors: U. Shoop
G. Dick

Date: March 22, 2002



